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(54) Impedance feedback monitor for electroeurgical Inatrumant 

(S7) An impedance mcnic^ device b provided lor which coagulation is cornpleied. A control device is pro- 

mrjrtooring the electrical Impadanca of tissue as K a vidad lor bringing the output of tha gonaralor within an 

treated wfth alactroaurgical energy. Baaed on a predicted opumom range based on a system load curve. In one 

model of tissue impedance and a number of initial im~ embodiment tha i mpeda nce monttomg device is used 

pedance readings, the impedance at Which tissue treat- in conjunction w*h a bipolar eleclrosurglcal instrument, 

mant m completed is predicted Mors particulany. a min- Preferably, tha mtrument comprises electrically oppc- 

»mum impedance lev* is measured and a function ol m© site electrodes faceted on one or mora tissue engaging 

minimum impedance is used todetermvWstpedanceat surleces for sngayng tissue to be treated. 
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Description 

rigid of the in vnlton 



This invention r fttetM to electrosurgical tissue treat 
ment, and in particular, to a method and apparatus lor 
controlling the electrosurgical treatment of tissue by 
measuring impedance of the tissue being treated by an 
electrosurgical device 

Background of the invention 

Electrosurgical generators are used to deliver ther- 
apeutic electrical energy to surgical mtrurnents. These 
instruments are used for example, for cutting, coagula- 
tion, tissue welding, a Wat ion. and dissection. Both mo- 
nopolar and bipolar generators typically supply electro- 
surgical energy m the radio frequency (RF) range to such 
instruments Usually such generators include controls 
that regulate the voltage anoVor current so that a select 
power level is approximatery delivered and a maximum 
power level is not exceeded. 

When such RF generators ara used, the pnmary 
control is the experience of the surgeon who responds 
to what is observed to be happertrig to fh« tissue at « ts 
treated with the RF energy. Often, particularly for endo- 
scopic procedures, surgeons cannot readily see what ts 
happening to the tissue! Also, the change in tissue prop- 
erties ctoo lb the RF energy may occur so quickly »o »* 
not to afford time for the surgeon to react soon enough 
to turn off electrical energy to the instrument As a result, 
some problems which may occur include tissue chamng. 
sticking of tissue to the el e ctrodes of the surgical instru- 
ment end ever or under treatment of tissue. 

It has been recognized that the tissue impedance 
changes as RF energy is applied to the tissue Attempts 
have been mads to control the pow e r delivered to the 
tissue as the tissue impe da nc e changes For example, 
current has been controlled based on the change in the 

The differential quotient of tissue impedatxM as RF pow- 
er b applied to the tissue has been used to detemvne 
an initial power level and to switch off RF power when 
the cfifferential quotient of impedance reaches a preset 
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Ncrfwllhetanding m#s# control arrangements, there 
is a continuing need tor improvement in the control of 
electrosurgical energy deliverance to the tissue anoVor 
determination of when tissue treatment has reached an 
optimal level. 

In particular there is a need to provide a device and 
method for determining the end po*m of coagulation tor 
a variety or a range ol tissue impedance, due to. e.g.. 
varying tissue composition, tissue types and treated tis- 
sue areas anoVor volumes. 

The present invention retetes to a devxre and meth- 
od of the type described »i EP-A-0 640 317. 



Summary of the Invention 

The present invention provides an rnpedance mon- 
itoring device and** method which rnonitors the imoed- 
ance of tissue between poles of a therapeutic olectrosur- 
gical Mrument Based on a model of expected tissue 
impedance behavior over time with the deliverance of 
electrosurgical energy, the monitor ad tissue impedance 
« used to determine tissue status. This win be described 
in more detail below. A signal Indicating status of tissue 
is provided ether to a user or to an inetnjment controSer. 
The device may also include a switch which automati- 
ca^Vtoms c^ the electrical energy when treatment ts 

In accordance with the present invention, a tissue 
impedance monitor is provided which continuously 
measures tissue impedance aa electrical energy is de- 
livered to tissue. According to known tissue ynpeUajice 
modeis, tissue sip e dance iniiatfydior* as electro en- 
20 ergy is applied and then begins to rise again as coagu- 
lation occurs. The present invention provides tor estab- 
lishing a value for the minimum impedance, ie.. when 
the impedance is at Us lowest value as M energy is ap- 
plied. Thert; the rnpedance Va** anticipated to provide 
25 the desire^ tissue effect is cfeterrnined by catcuJattog a 
selected function of the established minimum imped- 
ance When the measured impedance rtsee to the level 
ol the impedance value for the desired result. e.g.. co- 
agulation, tissue wefc i ng or a level of diathermy, the in- 
jo strument wit indicate or provide a response for such 
event. The present invention Is preferably adapted so 
that the condition ie detected for a range of expected tis- 
sue impedan ce s which varies according to tissue type, 
area andtor volume. 
J* In a preferred ernbo u a nont the desired tissue condi- 
tion is where coagulation is completed. When tits point 
has been reached a leodback s Ignat Is provided to a con- 
trol unit or to the user, at which time the energy supply 
is switched off. The feedback signal may. for example. 
40 provide a visual, audfcleor tactile signal to a user. anoVor 
may provide instructions to a control unit to automaticaty 
turn of energy supplied to the tissue. 

Optionally, the device may afeo include a switch, 
adapted to turn off electrical energy when a shon circuit 
oondtion is detected, when an open circuit coodftton is 
detected or when the device is on. i.e.. supplying current 
or votage for a preset maxvnum amount of time. 

In accordance win one aspect of the present inven- 
lioa an electrosurgical apparatus for coagulating tissue 
so during a surgical procedure comprises en end effector 
with opposing interfacing surfaces which may be ctoeed 
towards each other to engage tissue to be electros urgi- 
caly treated Preferably the end effector includes first 
and second el emen ts movable relative to one another 
u tor engaging tissue to be coagulated therebetween At 
least one of the e<ec*ncs4pc*eerf 
prised of an electrod e as so c iated with at least one of the 
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with the tissue to be coagulated A power controller re- 
sponsive to a power control signal provides RF energy 
to the tissue contacting electrodes) of the first and/or 
second elements. 

Impotence measuring circuitry is cocked t° RF 
generator output and measures the impedance ol the tis- 
sue between electrodes corresponding to the first and 
second poles Feedback circuitry is coupled to tne im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device for determning a minimum imped- 
ance value and holding said minimum vnpedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining cir- 
cuit determines a threshold impedance value as a (unc- 
tion of the held rnihimum impedance value. 

The threshold determining circuit may comprise an 
analog devce tot determining the function of minimum 
impeoance or a digital cxcuit rKrfuding. for example, e 
look up table for determining the threshold impedance 
value based on an input minimum impedance vahie. 

After e threshold value has been determxied. a first 
comparator compares the measured impedance vahie 
to threshold irT«j>edance value and generates a power 
control signal to the power controller to control the RF 
energy dervered to the tissue .upon the condition of . the 
measured sTpedanoe value exceeding the threshold im- 
pedance value. 

A power controller may indude at least one electrical 
switch for selectively supplying RF energy to the instru- 
ment to coagulate tissue positioned between the lust and 

second elements. 

The power controller may selectively switch off the 
power supplied to the tissue under a number of condi- 
tions. The controller may be used to switch off power 
when the measured impedance value exceeds the 
threshold impe d an c e value, when an open circuit condi- 
tion or a short circuit condition exists, or H voltage and 
current is supplied tor a period of time exceeding a max- 



Another aspect of the present invention provides a 
control device tor bringing the energy output of the gen- 
erator within an optimal range determx^ed by a system 
load curve. The control device uses measured load im- 
pedance to dsterrmne the desired energy level output 
and compares the desired energy output to the actual 
energy delivered to a target including tissue. The control 
device takes the resutang comparison and controls the 
generator output accordingly 

Although the instrument may be a monopcter device 
or a multipolar device including two or more than two 
poles, tha end effector preferably includes two electrical- 
ly opposite electrodes corresponding to two electrically 



on the distal end of the elect rosurgjcal device so that 
when me first and second elements close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The impedance rnonitor- 

5 ing circuit monitors the irnpedance of the tissue between 
the electrodes dumg the detvery of RF energy through 
that tissue. As described above a minimum impedance 
is measured from which threshold impedance » calcu- 
lated A comparator compares the measured xnpedanca 

to values to the determined mrestwldir^^ 

generates a control signal to switch off the RF power de- 
livered to the tissue, upon the coricftion of measured sn- 
pedance value exeeedtog the tireehold impedance val- 
ue. 

r s In one preferred embodxnent each of the electrodes 
correspc*>dirtg to the first pole are offset with rasped to 
the. interfacing surface from each of trie electrodes cor- 
responding to the second pole. In other words, the elec- 
trodes are offset from each other so that they are not 
20 diametricaMy oprrn-t* from each other on interfacing 
surlacesor they are separated and mutated from each 
other on the same surface. 

m the preferred emtkx*nenl the etedrosurgice! in- 
strument compresses tissue in a compression zone ba- 
*s tween the first interfacing surface and trie second intar- 
taang surface end appiee electrical energy through the 
compression zone. More preferably, the compression 
zone is an area defined by a ccxnpression ridge on one 
of the interfacing surfaces which compresses the tissue 
30 against the other interfacing surface: AHematlveiy or xi 
adrfbon. there may be a compression ridge on both in- 
terfacing surfaces. 

One emboolment includes a cutting element asso- 
ciated with an end effector. The cutting element is ar- 
js ranged to cut bssue at or near tie coagula t ion site. Pref- 
erably, the coagulation is completed prior to any me- 
chanical or other cutting at or around the coagulation 
site. Once tissue is coagulated or cauterized, tie cutting 
element may be used to cut throur^ the coagu*Bte^ 
40 sue or between two zcxiea cl Usaue coagulation 

In another embodiment the rierrwstatic devce* in- 
corporated into a linear cutter similar to a linear cutting 
mechanical stapler. In this embodiment the riernostatic 
device comprises two substantia^ parallel and etangat- 
45 ed electrode bare which are aasooated wim one pole, 
and a slot tor cutting means to travel between the bars. 
Optionasy one or more rows of etaoles may provide on 
each side of the slot and bare to provide additional he- 
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in tie preferrad bipolar device, electncally opposite 
electrodes of each of the poles are located on one or 
been of tie opposrtg surfaces. Each of the first and sec- 
ond electrically opposite poles cc*nprises at least one tis- 
sue contacting e4aetroo>a. Tha ataclrooaa are arranoad 



In operation, tissue is damped between two jaws of 
the instrument, and electrical energy in the forme* radio 
frequency <W*> anergy » euppaed to the cc«nj>ressjrf 
tissue to coagulate or cauterize bloodvessel atong the 
two substantially paraftel bars. Based on the irrpedance 
S3 modeling of t»e davce with this epedfte atectroda con- 
figuration, an appropriate function of the mxilmum xn- 
pedence is incorporated mto the xr<)edarx^ f eeoback 
circuit te» dflamn* i 
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Itval A warning mechanism is used to warn toe user 
when me impedance is out of range or exceeds the 
threshold impedance level. Also the warning signal may 
be directed to a control circuit or power controller adapt- 
ed to then provide an appropriate nstruroent response, 
indudng where appropriate to turn off the RF energy de- 
livered to the tissue. 

In accordance with another aspect of the present in- 
vention a method of operating apparatus for electrosur- 
gically treating tissue during surgical proceo\jre is pro- 
vided. Accordingly, a preferred metfwd comprises the 
steps of: applying RF energy to tissue to be etactrosur- 
gicaBy treated by means of an etectrosurgical instru- 
ment; measuring the vnpedance of the tissue between 
electrodes cormsponding to two poiss of the electrosur. 
gical instrument; generating me impedance signal rep- 
resentative of the impedance of the tissue; and pontrot- 
Ihg the RF energy applied to the eiectrosurgical instru- 
ment * response to the impedance signal. 

The step of comroiKng the RF energy applied to the 
eiectrosurgical instrument may comprise the steps of: 
determining and holding riwwnum rnpedance value: de- 
termmng a threshold impedance vafiieb*»e^ 
tion of the mnimum impedance vaHie; comparing meas- 
ured impedance values to me mreshold imped»nce val- 
ue; arid generating a control signal to control or switch 
off me power of me controller upon the condition of 
measured impedance value exceeding me mreshold im- 
pedance value 

In accordance with yet another aspect of thepresent 
invention, a method of operating an eiectrosurgical ap- 
paratus tor coagulating tissue, curing surgical procecfcire 
cornprises the steps of: providing an eiectrosurgical in- 
•trumem having en end (effector comprising fr* first and 
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Brief Description of the Ore win as 

Fig. 1 ©aside view of a bipolar endoscopic electro- 
surgical instrument operable in accordance with the 
present invention; 

Fig. 2 is a partial cross-sectional view of me distal 
end ot the instrument of Fig. 1 in an open position: 

Fig. 3 is a partial cross-sectional view of the distal 
and of the instrument In Fig. 1 in a dosed, unhred 
position: 

Fig 4 is a partial cross sectional view of the cSstai 
end of the instrument in a dosed, fired position: 

Fig. S is a front cross sectional view of the distal end 
of the instrument of Fig. t along the sne 5-5; 

Figs. 6-9 represent a schematic block diagram ot a 
microprocessor controlled impedance monitoring 



electrosurgcal instrument ot Figure 1 

Fig. 10 is a schematic btock olagram of an analog 

embodimerit of the controller tbr use in me r 

tus of Figure v. 



as 



and second tissue engaging surfaces including thereon 
a tissue contacting slsctrods. associated witti a first pole 
of an eiectrosurgical system arid at least one of said first 
and secondtlssue engaging swlacescontaming thereon 
a second tissue contacting electrode associated with a 
second pole of the system: engaging tissue to be coag- 
mated between the first end second useueenp^sig sur- 
faces: selectively controlling RF energy suppfced to me 
first and second tissue contacting electrodes for coegu- 
lating tissue rxMSiooedroe ro betweo n; measuring the im- 
pedance of the treated tissue: determining and holding 
a rrwwnum impedance value: determining a mreshold 
impedance value based on a function of the minimum 
impedance value; comparing measured impedance val- ■ 
ues to the threshold impedance value; and controlling or 
switching off the RF energy connected to me first end 
second electrodes upon the condition of the measured 
impedance value exceeding the mreshold impedance 
value. 

Other objects and advantages of the invention wit 
apparent from me 1o*owing ooscnption. me scoompany- 
mg drawings and the Mowing claims 



Fig. It Is a tog* diagram of the controller of Fig 10 
iSuslrating control logic for RF output control; and 

Fig. 12 is a characteristic curve ittustrating me 
change in impedance over time during application 
of eiectrosurgical energy to tissue using the electro- 
surgical instrument fejstrated In Figure t. 

n^iiad nssi rlnrtnn nl thefnyenfion 

While the present invention ia generally applicable 
40 to a variety of electroiurgral instruments both monopo- 
lar and muWpolar. end both conventional arufendrjscc^ 
ic, H will be described herein with reference to a bipolar 
linear cutting instrument. 

The primary purpose of the eiip^darice rrwnitoring 
45 devfcefctoo**etmir*whentr^ 

to a dwred degree Preferably this treatment is complet- 
ed when the tissue has been cauteriied and before ex- 
cessive tissue sticlan* burning or cha^ 
impedance of tissue as it is being r*ea*ed w«h etectro- 
so surgical energy genera* follows ar^aiacteristtftiseue 
irnpedance curve. According to the impedance curve. 
gsrOTeay the vripeo*/** w* 

mum value, and then rise as coagulation and tissue des- 
iccation occurs At an wnpeUejico or within a range of 
s$ ■npedsncet on a < 




Figure 12 is a 
Ustino ths crtano* m tissu* 
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the application of electros urges! energy using the elec- 
trosurgicat instrument illustrated in Figs. 1-5. The 
present invention determines a threshold impedance on 
the curve at which coagulation has occurred. mt 46. 
This impedance ts based on the value ot the lowest im- 
pedance on the curve. Z^ 4S. i s . when the impedance 
has stopped (ailing and begins to nsa. A function of the 
minimum impedance UZ^) ts used to approximately 
precfect a point at which coagulation occurs. Z ttr9#( 46 

Referring now to Fig. 10 there is rllusuated a sche- 
matic block diagram of en analog eri<>odiment o* the mv 
pedance montonng device ot the present invention. The 
impedance monitoring device determines when coagu- 
lation is complete as wel as other instrument parame- 
ters, tor example, it there is an open circuit, short circuit 
or if voltage and current is supplied to the tissue for more 
than a predetermned maximum amount of time. Such 
conditions may indicate a problem with the instrument 
anoVor tissue engaged by the instrument. For example. 
H excessive, not enough, or inappropriate tissue is en- 
gaged by the instrument. 

The instrument to is positioned to engage tissue to 
be treated. Then, when appropriately possioned. RF en- 
ergy ts supplied to the tissue 

A generator 70 supplies RF energy 1o the tissue en- 
gaged by tie end effector 15 of the instrument 10. Prel- 
erabfy, 30 to 200 volts RMS at a lurxiamental frequency, 
preferably of a sinusoidal waveform at a frequency of 
about 300 Khz to 3 Mhz ts supplied with a current ot about 
0. 1 to 4.0 amps. The generator 70 is turned on by a user 
operated switch 42. The user operated switch 42 pro- 
vides a signal to the controller 79 to turn on the energy 
The output 129 of the controller is coupled to an analog 
switch 1 30. When output 129 provides an *RF on* signal 
to the switch. 130,anoscilator7^cajp^dtoananalog 
murtplier 75 through the switch 130. supplies a votage 
of a known frequency to *ie analog muttipfcer 75. The 
output of the analog multiplier 75 re coupled to a driver 
76 which ts coupled to the input ot an RF ampMier 71. 
An amplified RF signal is supplied by the generator 70 
to a circuit 80 which includes the first electrode 39 and 
second electrode (anvil 1 8) of the instrument 10. and 
the tissue 43 to be treated by the instrument 10. 

The current and voltage delivered to the tissue is 
measured and an RMS current <*l RM s*) an RMS volt- 
age ("Vrms*) * oelerrrwned. 

A voltage and current sensor 81 senses the current 
and votage delivered to the tissue. The voltage and cur- 
rent sensor 81 includes a low irnpedance current trans- 
former 82 in series win the generator 70: and a high' 
impeoance voltage transformer 83 connected in parallel 
across the generator 70. Preferably the current trans- 
former 82 has. for example, a 1 :20 winding ratio and a 
SO ohm resistor in parallel with the secondary of the 
transformer Preferably the votage transformer 83 has. 
for example, a 20:1 winding ratio and a IK ohm resistor 
m paraiel with the secondary ot the transformer 

The output of the current transformer 82 is couoted 



to an RMS converter 84. The RMS converter 84 converts 
the sensed current to a DC signal to provide output 86. 
representative ot I*ms- output of the voltage trans- 
former 83 b coupled to en RMS converter 85. The RMS 

5 converter 85 converts the voltage signal into an DC sig- 
nal and provide output 87, representative of V MS . 

The measured impedance. Z. is than calculated 
from the measured Wand V*ms The outputs 87. 85 
of Vftus and l nus are supplied to an analog divider 88 

re which divides the Vrms by the current to provide 
an output signal 89 representative ot the measured Im- 
pedance. 2. 

From the 1*43. and measured irnpedance. Z. 
the impedance monitoring device determines whether a 

15 short circus or open circuttcondr ti o n exists, whether vott- 
age and current has been delivered for an amount of time 
exceeding a predetermined maximum, and whether co- 
agulation is complete. 

A short circuit condition is determined by comparing 

20 the measured impedance, 2. to a predetermined short 
circuit impedance threshold at or below which short cir- 
cuit is likely to exist CZsc")- H the measured Z is at or 
below the Z^, a short circuit signal is provided to the 
controller. 

2& The impedance signal 69 te input to a short circuit 
detector 90 comprised of a comparator; The positive in- 
put 92 of the comparator is connected to a potentiometer 
93 which sets the threshold impedance. Z^c- When the 
irnpedance signal 89 causes the input at the negative 
30 input 94 of the comparator 91 to be lower the* that at tf>e 
positive input 92. an "on* cond&Qn occurs at the output 
.95 of the comparator 91. This condi ti on is corTvnumcated 
to a logic controier 79 which provides a preprogrammed 
instrument response, which, in this embodiment, in- 
js eludes turning off RF energy. 

An open excuit condition exists if there is a voltage 
between the electrodes 18. 39. and no current An open 
circuit is oatermrnod as follows: If the V BMS is above a 
c*ecte»ermined minimum threshold indicating a voltage. 
40 V flvwh .andthelf| M9 is below a predetermined minfiTMim 
current threshold indicating a current 1^ then an 
open circuit signal is provided to a controller. 

A currant threshold detector 1 06 Includes a potenti- 
ometer 107 coupled to the negative input 108. The po- 
4S tontkxneter 107 sets the level so that when a cur- 
rent is present, the current detector 106 win indicate as 
such. The l RMS signal 66 is connected to the pc*ftrve in- 
put 109 of the comparator 106. Thus, when the l**s » 
greater than the value. 1^^ set by the potentiometer 
so 107. a positive voltage appears at the output 110 of the 
current threshold detector 106. 

Similarly, a voltage threshold detector 113 includes 
apoterttiomeler 1 1 4 connected to the negative xiput 1 1 5 
The potentiometer 114 sets tie votage threshold et 
55 whir^tfielhroshoM detects 

put. when a minimum voltage is present The 

V«u S signal is input to me positive input 116 ot tie 

thrachokf dot «c tor 113 T*u«. » mm V,^, mntrmmwtm *** 
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v ih««h b y the potsntiomeler 114. a positive voltage 
wiU appear at the output 1 1 7 of the voltage threshold de- 
tector 113. 

The output 1 17 ot the voltage threshold detector lt3 
is also coupled to an AND gate 111 and the output 110 
of the current threshold detector 106 is coupled to an re- 
verted input 11 2 of the AND gate 1 11 . The AND gate 111 
acts as an open circuit detector. When the exceeds 
the V AfM#k and where the i RM3 does not exceed 
a logic i will appear at the output 120 of the AND gate 
111 indicating an open circuit The output 1 20 of the AND 
gate 111 ts coupled to the controller 79 to oommunicate 
me open circuit statue. 

If current or voltage is supplied an extended period 
of time and a coagulation complete condition has not 
been, detected, it may indicate, tor example, that the in- 
strument is not clamped on tissue or that a malfunction 
has occurred. If the V nMS is above the predetermrted 
v »m* or tn * 'rms ** above then a timer is turned 
on. If the timer is on for a period of time greater than a 
predetermined maximum amount of time. T^^,. then a 
tme over signal a provided to the controller. If the dura- 
, tion of the trner on is not greater than then tfte de- 
vice continues to supply RF current to the tissue and con- 
tinues to measure current, voftage and impedance, etc. 
as described above. 

The output 1 1 0 of the current threshold detector 1 06 
is coupled to an OR gate 1 18 which is coupled to a timer 

121. If the t„u« •*ceeds the 1^^. the output 110 of the 
current threshold detector 108 will present a logic 1 to 
the OR gate 118 which win then turn on the timer 121 

Similarly the output 1 1 7 of the voltage threshold de- 
tector 113 bcc^^ to the OR gate 118. ff the Vfcn^is 
exceeded by V^, the OR gate 118 wilt present a tog* 
i at its output 11 9 and turn on the timer 121. The output 
123 of the timer 121 is coupled to the controller 79. When 
the timer 121 has been activated for an amount of time 
that exceeds a preset threshold lime. T^ me output 
123 w* be a logic 1. The timer is reset with the user ac- 
tivated switch 42 which is coupled to the timer resei input 

122, when the instrument 10 is reset. 

A coagulation complete condition is determined as 
foiows: First, is determined. Then, a target mpsd- 
ance at which coagulation is complete. Z^*. is calcu- 
lated as a function of the minimum impedance The initial 
impedance, 2^. Z^ aftmV slope of the impedance curve, 
and time to complete may vary lor a given application 
and/or instrument, but lend to correlate to a function of 
minimum impedance. Depending on the instalment used 
and/or the actual desired result the actual function of 
mrtimum impedance may vary. In this particular embod- 
iment f'Z^fe) is linear: f(Z^,J = 0.2Z + 500 This function 

is bound, i.e.. where 2, ts > 560 ohms, then Z mr ^ % is 

+ 50 ohms. t(Z^) may be a different function. It 
may be contvtuous. non -continuous, tneer. non-linear, a 
ptecewise approoomabon and/or in the form of a look-up 
table. IfZmta) may also be bound at different values. 

The impedance signal 89 ts used to determine tossue 



coagulation as follows: First, a determination is made 
whether the measured 2 is a minimum impedance. Z mm 
The vnpedance signal 89 is inverted and offset by a gain 
offset inverter 96. The output of the gain offset inverter 

5 96 is in turn is coupled to a peak detector 97. The output 
102 of the gain offset inverter is representative of an in- 
verted and offset measured Z. i.e.. (-Z+k). Z^ will now 
be the highest offset value of (-Z + k) encountered. 
The peak detector 97 thus detects and holds the 

io highest value of the inverted and offset measured imped- 
ance, Z. which is Z^. When Z^ has occurred, the out- 
put 103 of the peak detector 97 » representative of (-2^ 
' tk) RF energy is continued to be applied to the tissue 
and the monsoring for short circuit, open circuit and time 

is over as well ae looking for a 2^^ continues until a Z « 
equal to Z^,. 

When the Z,.* has been detemsned; function of the 
Zmm. M T mJ ) ** calculated to provide a impedance, Z^_ 
^ ,. at which treatment (coagulation) b completed. The 

20 output 103 of the peak detector 97 is coupled to a thresn- 
okj determining circuit 98 which calculates the function 
of Z^m to determine the Am^t The output 99 of the 
threshold oeterrrvmng circuit is representative of 
when the measured vnpedance is equal to Z^. 

2S A continuous cc*nparisbh is made between 2 and f 
(Z^). It should be noted here that f (Z^) is continuousry 
calculated as f(Z) unti a Z^is delected The compari- 
son is continuously made between Z and f (Z) unti Z^ 
is determined. This does not have a significant conse- 

J0 quence. however, because k is anticipated that f(Z) will 
be larger than Z during tissue treatment and a premature 
coagulation complete signal theretomwel not occur. 

If measured Z is last than or equal to the Z Ujfp#l then 
RF enemy is continued to be suppfted and steps de- 

35 scribed above are carried out urtfaeignaihasbeenpro- 
vided to the controller eSat there is an open circuit signal, 
short cvcuit signal a time over signal, or a coagulate 
complete signal. If the measured Z is greater than or Is 
equal to m Z* m ~ 9 j then a signal is provided to the controller 

40 thai coagulation has been completed. Again it is noted 
that in this w nbcxAmont. 2 has been inverted and chined 
incirdertoaccommodateZ^oeter^ 
detector 97. The impedance values referred to in this 
paragraph are the actual impedance values 

4S The output 99. of the threshold determining 

circuit 98 is coupled to the positive input 101 of a com- 
parator OP amp 100. The output 102 Of the gain offset 
inverter 96 is coupled to the negative input 104 of the 
comparator 10O. The comparator 100 compares the -Z 

so ♦ k representative value which is input to the negative 
rout 104 of the comparator 100. to the Z^^, represent- 
ative value which is calculated as a function of -Z^ * k. 

output 105 will be poartWe. That *. tf tr* measured Z is 
55 greater than t(Z^) f a coagulation complete signal will 
appear at the output 105 of the comparator 100. 
AsxjrtalrsorovioedtoaocftfrofJerf^ 

irvteetino WHetHac or not * o*m*> conrfiiaw ****** Mp-" 
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the existence of one or more of these conditions the RF 
energy is automaticetty turned off by the controller Fig 
it illustrates the system logic of the controller 79 The 
controller 79 includes a short circuit input 124, a coagu- 
lation complete nput 125. an open circuit input 126 and 
atme out input 127. as weH as a reset input 128. The 
conttoier 79 also induces a RF control output 129 which 
switches on and/or off the RF generator delivery ol elec- 
trosurgcal snergy to the tissue. As long as the output 
129 is a logic J. the RF is on. The output 1 29 is a logic 
1 when coagulate complete 125. time out 127, short cir- 
cuit 124. the open circuit 126 and the reset input 128. 
are all at a togic any one or more of the Inputs 124. 
125. 126. 127: 1 28 are at a kxjcM* the RF control output 
129 is a logic "0" and the RF is turned off 

A preferred embodiment provides a control device 
which controls the generator energy output based on 
load impedance The load wnpedance is used to deter- 
mine a preferred energy level e.g., voltage, current or 
power level, based on a specific system toad curve for a 
generator, instrument anoVor app licati o n . The control de- 
vce then compares the actual energy level tor the meas- 
ured impedance with the desired energy level and ad- 
justs me generator output according tottie djfterence be- 
tween the two, i.e.. preferably to minimize the deference 
between the two. 

The specific load curve preferably .r eflects the volt- 
age, cunertf. power, fora rar^ wis 
optimize pe r formance of the instrument. The load curve 
may have various forms, lor example, it may be contin- 
uous or may be stepped. The load, curve may vary from 
generator to generator, tor a particular instrument in use 
with the generator, or tor a particular etectroeurgicaTap- 
pfcation of the generator. For example, in a one embod- 
iment using an instrument, such as described herein, 
three impedance ranges have been identified at which 
different energy requirements exist: Initially tissue im- 
pedance is in a lower range, e g., aporoxanatary 20 to 
100 ohms. In the lower ranges, more current is required 
to provide enough power to initiate tissue coagulation. A 
second, mid-range ^impedances, e.g.. approximately 
1 00 to 500 ohms, requires enough power to maintain the 
coagulation process. A third range of higher ■npedances 
typically occurring towards completion ot coagulation, 
e approxrnatefy 500 ohms and above, requires the 
voltage be amitedto prevent spanning arx* tissue sticking. 
Thus the system toad curve in this embodime n t would 
reflect both the innerem characteristics of the generator 
and voltage output at which optimum power a delivered 
tor a particular vnpedanca. as Well as the specific power 
requirements tor a predetermined instrument and appti- 



ages within a desired range based on a load impedance 
fit to a specific toad curve. 

The vrtpedance 69 te fed to a function fitting device 
61 . The output 64 of the function mtstg device 61 repre- 

s seme a desired voltage based on the input impedance 
69. This desred voltage function is the voltage required 
for the generator 70 to produce a particular, ore-deter- 
mined load curve. Desired voftage output 64 along with 
actual voftage is fed into an error amplifier 62. The output 

10 65 of the error amplifier 62 represents an error voltage 
which is fed nto an analog multiplier 75 through a diode 
77. 

Attematrvety. current, power or another energy pa- 
rameter may be used to control the output of the energy 

is source or generator 70. A signal corresponding to im- 
pedance of the target is mom into the function fitting de- 
vce which provides a desired current, power or other en- 
* ergy parameter output, which is then compared to the 
measured or calculated current power or other energy 

20 parameter. 

The diode 77 ensures first quadrant operation ot the 
analog multiplier 75. The analog multiplier 75 functions 
as an amplitude modulator of ososator 72 such the* large 
error voaages at output 65 resuft in large outputs from 

25 RF amplifier 71 . And cmal error voltages of output $5 
result in smaller RF output from RF amplifier 71 Thus, 
generator 70 acts as a ctoseoMoop servo system based 
, on voltage such that a desired load curve is obtained 
The loop cornpensation device 63 acts to stabilize the 

jo servo toop. If an electrical parameter c<rier than voftage 
is used, the form fitting function preferably outputs a sig- 
nal reflecting the difference « the alternative energy pa- 



Ret erring to Fig. 10, a generator with a servo toop 
control device, is illustrated. The irapedance signal 89 
and the voftage V*** signal B7 are fed back to the gen- 
erator 70 through a control device which comprises a 
lunction fitting device 61 and an error amplifier 62. The 

control dovic* causes me omnmmtor 70 to rxoducs voH- 



Rat erring now to Figures 6-9 a flow chart i 
js a meitod for carrying out a microprocessor controlled 
embodiment of the present invention When the system 
is turned on (block 200% *e variables including Z^. 
V^ W' tirne over, and Z in4tt- . are Initialized (block 
201) The system conmues to took for the activation of 
40 the RF swtch (block 2G2) When the RF switch is turned 
on. the interrupts are set lor RF Switch (btock 203). tor 
Short Cacurt (btock 204). and Open Circuit (block 205) 
so that when one of these interrupt conditions occur, the 
microprocessor automatically goes to the instructions 
4* associated with block 234. 

After the intemipts are set. the timer is started (btock 
206) . A sequence is run to check the RF amplifier health 
(block 207). e.g.. to look lor an Amplifier On signal or to 
check m cartas votages are in a suitable range. It the 
50 amplifier Is operating property. RF energy is turned on 
(blocks 208 and 209). 

It the amplifier is not opsrating conectty, an RF on 
request is made (btocks 209 and 210) ande Hardware 
Failure Alert flag is set (btock 211) The system tooks for 
*s a hardware tasure flag (btock 233). When the hardware 
failure « detected, the controller provides a rujrdware 
failure alert indication and shuts off. (btocks 243 and 

2441 
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If hardware failure is not indicated (block 233). men 
and is read (block 235) lo determine (i any vort- 
age or current is being supplied by the system (block 
236). When the system is first initialized, until the instruc- 
tion to turn on energy in block 209 ts reached, there 
should be no current or votege It there is a voltage or 
current with the RF request off. then there is a hardware 
failure. A hardware fasure alert is indicated and the pro- 
gram is stopped ( blocks 2*5 and 244). 

If RF energy is turned on (block 209). then the V rm . 
and i M are read and the impedance. Z. is calculated by 
dividing the by the 1^. (block 212). The controller 
checks to see if the V tMto and l #fMMt flags are set. 
(block 213). These flags are set when a rrwumum thresh- 
old voltage b present and a minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

It the and 1^*. flags are set (213) the soft- 

* ware looks for a troe over cond i tio n to determne i the 
device has been on for a period of time in excess of a 
maxsnum If a time over condition is recognized, the tro- 
ver flag ts set, RF energy is turned oil (blocks 218 and 
21 9^ and a hardware failure check is run (block 233). 

After looking for a time over condition, the controller 
checks for a short circuit or open circuit condition. II a 
short or open circuit exists, the corresponding shon cir- 
cuit or open circuit bit is set (block 220). RF energy is 
turned off (block 221). and a hardware fasure check is 
run (block 233). 

The controller checks again for v tniftt , end l Mabto tn 
bkxk 222. before proceeding to the threshold determin- 
ing portion of the circuit illustrated in Fig. B: It the voltage 
or current old not exceed Vg^^ or in blocks 214 
and 216. the controller Seratee the saooence beginnrig 
at block 212 for detecting time over, short ckcu*. open 
circuit i.e.. the coagulation complete detection enable 
This sneble* the device to wait until enough cunent and 
voltage » defcversd to the circuit to check for the coagu- 
lation complete condition 

r "fttha v <flMt>>< and 1.,,^* flags are set. the short circuit 
and Open circuit bits are not set (block 220). and the time 
over condition does not yet exist (block 219). the meas- 
uredltmpedance used to determine if coagulation is com- 
plete as follows. 

The Z rwtial flag is set during the first Iteration and 
is initially assigned the measured i m pedan ce value 
(blocks 223-225). Initiafty. 2^ is the same as the meas- 
ured vnpedance and thus block 227 ts bypassed at block 
226. A calculation is made of f R^) (block 228). As long 
as the measured impedance is less than the f(Z mil »). the 
sequence is iterated (229. 231). In the next iteration of 
blocks 223-231 . the newly measured snpedancs ts com. 
pared to the previous measured impedance which has 
been assigned Z^* (block 226). As long as tie imped- 
ance » decreeing. ? iwiM wm be re a ssig ne d the new val- 
ue d**rrieasuredtmr>eo*ncer^^^ 
the steps repeated. When the measured impedance is 
oras4artfnanor*auattof'Z__) • • thr— Hold ww*om4- 



ance. the coagulation complete flag is set (block 230) If 
coagulation complete flag is set, the RF is turned oft 
(block 232) and the hardware failure check is run. 

If after the initial run through the program a hardware 

5 failure alert occurs (block 233. 236) or an interrupt oc- 
curs, the program deterrranes the cause and indicates 
as such (blocks 233-242). The and 1^ are read, 
(block 235) If no current or voltage is being delivered to 
the system, the controller checks to see * the open cir- 

io curt, short circuit or time over flags have been set (block 
237). If so then a signal indicates which flags have been 
sat. and the program m returned to start (blocks 240. 
242). Similarly, the controler check* fc< the exx^gotation 
complete flag (block 239). If there was the coagulation 

is complete flag has been set H wsTbe indicated tor ten 
seconds (block 241 >. if not. It wffl be indicated as not com- 
plete (block 240) and the program will return to point at 
the start (block 242). Preferably trie electrical compo- 
nents selected to carry out the steps of Figs 6-9 are 

20 adapted to provide a complete ite rat ion of al the stepe 
et least every 1/50 second. 

Referring now to Figs. 1-5 there is illustrated an in- 
strument to be used In conjunction with the impedance 
feedback device of the present invention. An endoscope 

2S (near cutting and stapfcng instrument 10 is stk^ 

a housing 16 coupled to a shaft 30 with a lumen extend- 
ing therethrough and an end effector 15 extending from 
the distal end of the shaft 30. The end effector 1 5 com- 
prises first and second elements which are comprised ol 

do riterfaong jaw members 32. 34. Jaw rnember 32 b rnov- 
abfy secured to jaw member 34. The housing 16 has a 
damping trigger 1 2 for ctossng jaw members 32. 34. Jaw 
members 32, 34 are shown m an unctampedpcaitkxi in 
Fig. 2. m a clamped position prior to instrument firing in 

9S Fig. a nod in a clamped position after mstrumsnt firinQ 
in Fig. 4. 

Jaw member 32 comprises an anvil IB. U-shaped 
electrode 39 extandng along the length of the jaw 32. 
and a U-*hapad insulating material 31 surrounding ths 

40 outside of the electrode 3d. Jaw member 32 has an inner 
surface 33 whk^ faces an irw»er surface 35 
bar 34. The U-shaped electrode 39 comprises two elec- 
trically communicating elec t rode bars 27. 28 forming a 
first pole and located on and extending substantially 

*s atong the length of the inner surface 33. The U-«haped 
slectrode 39 is comprised of a conductor, such as. aiu- 
rrwnirn or surgical grade stainless steel. The bars 27. 28 
are separated by a knife channel 29 extending tongdu- 
dinaHy through the midoYe of me electrode 39. Pockets 

so 36 located on anvil IB for receiving staple ends are lo- 
cated along the inner surface 33. lateral to and outside 
of bars 27. 28. The electrode bars 27. 26 and insulating 
material 31 form a ridge 56 extending out rotative to an 
anvil portion 37 of the inner surface 33 (Fig. 5). The elec- 

ss node 39 acts as a first pole of a bipolar system. The anvil 
18 is formed of an eJectncaty conductive malarial and 
acts as a second pole of Wm bipolar system, afcctncalfy 

oooocM to tf*m ffir«t oo*» TK> mmmM 1S tm 'V 
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tated from the electrode* by the U-shaped insulating ma- 
terial 31 

Bipolar energy may be supplied lo the end effector 
15 from etectrcsurgical generator 40 (fig. 10) through 
wires 19. 20 extending into the body 16 ot the instrument. 
The generator 40 ieusercontroSed by way of switch 42 
(fig 10). Wire 19 provides electrical current to the elec- 
trode 39 through electrical contact means extending 
through shaft 30. WSra 20 carries a current lo the anvi 
18 and is coupled to the anvri 18 through an electrical 
contact means sxtendog through the shaft 30 The elec- 
trical ckcw* w dosed when and only when the clamping 
trigger 12 is closed. A means of connecting the wire to 
the corresponding electrode as wall as instrument actu- 
ation mesne are descnbed in parent application S.N. 
08095.797. incorporated herein by reference. 

Jaw member 34 comprises a cartridge cfiannel 22 
and a cartridge 23 inserted into the cartridge channel 22 
Triecartrxlge23lriclucWsatra^^ 
channel 26 extendir*grtbrie^ 
of the ca/tridgs 23, a series of drivers 24 extendwg into 
the track 25 and staples 1 7 arranged in two sets of par- 
allel double rows. When tissue is engaged between 
clamped jaw members 322. 34 . a firing trigger 14 located 
on housing 16 may be actuated to advance a cutting el- 
ement 11 through the engaged tissue to cut the tissue. 
Sirnuttanoousry. when the firing trigger 14 is actuated: 
the wedge 13 is aoVanced through the track 25 causing 
the drivers to 24 to displace towards the staples 17. 
thereby drisnng the staples 17 torough tissue and into an- 
vi pockets 36. 

m operation, the end effects 15 of instrument is 
tocated at a tissue site where tissue « to be treated. The 
jaw members 32. 34 are opened and tksue * toen 
placed between me wfterfacing irmec surfiaces 35. 33 re- 
spectively of jaw members 32, 34 The ctampsig trigger 
12 is squeezedto cause the jaw members 32. 34tocto*e 
to locate and compress tissue betwee n the interfacing 
inner surfaces 33. 3S. The closure of the darnpmg trigger 
12 also closes the electrical circuC When toe tissue has 
been appropriate* skuated between the yaw members 
32. 34.ause<rtujyappV« p erie#gyfiomth^ 
40 using a user activated swteh 42. Current flows 
through the compressed tissue be t ween the electrode 
39. i s., the bars 27. 28, and toe anvi 18. 

After the RF energy is turned off, the controller indi- 
cates me instrument status, e g., open circuit, short or- 
cuk. coagulation complete, time over. If the coagulation 
complete status is incfcceted, the firing trigger 1 4 may be 
actuated Co aovance cutting element 11 through knle 
charwiele 2i6. 29 to cu engaged tissue between the bars 
27. 29 where the tissue has been cauterized. Simultane- 
ously, the fmng trigger 14 aovancee me wedge 13 
through treck 25 to advance drivers 24 to fire staples 1 7 
through tissue and into pockets 36 of the anvil 18. Thus, 
the cut line is lateral to the coagulation tnes formed by 
the bar electrodes 27. 28 and staples 17 are applied into 
tanpaudvtaav double rows on each side of toe cuttvio el- 



ement 11 as the cuttv>g element 11 cuts the tissue. 

The inveokon described and the specific details and 
the manner in which II may be carried out having been 
exemplified it win be readily apparem to those sailed fn 
5 the art mat innumerable variations, modilcations, and 
extensions of the basic principles involved rnay be made 
wXhouto^parwnglrom toe spirit and scope of the present 
invention. The impedance feedback system as de- 
scribed above is used to indicate when sufficient cauter- 
re nation has occurred. When co a g ulation is complete, a 
signal may be provided by a ccntrofler to a user, or e 
controller rnay ataomascally turn off the RF energy. Oth- 
er signals may be provided to an instrument ueer as wel. 
For example a icne corresponding to the measured irit- 
is pedance may be provided to a user to audtory monitor 
the change in impedance. 

It is also intended that this device enoYor method be 
used witonurneroue types of eleet^^ 
including monopo lar , Wpoiar arid multipolar cenAgura- 
10 hem, Tne irnpedanca f eodb ack systsmmay be included 
in part or in whole with toe actual instrument, ae a eep- 
unk ancVor with the energy source or generator. 



1. A control device comprising: 

rrtoedance measurement circurtn/ adapted to 
be wupledto ^ tlsstfe^coniactina 
ated with a tkuuje^reaang portion of a surgical 
instrument and to an enatgy source adapted lo sup* 
ply therapeutic electrosurgicai eriergy to said etoc- 



en energy conkc* signei adapted to control RF 
energy suppfced from said energy source to said 



wherein said pedance measurement cir- 
cuitry is adapted: 

to measure toe snpedance ot tissue e nga ged 
by said tissue-treating port k^ rjf saidsurr^lnsfr^ 



to de te r m ine a minimum impedance 

to determine a target impedance value 
function of said rrxnenum Impedance value; 

to compare measured impedance 
said target impedance value; and 

to aker said enert 
measured snpe de n ce value 



values to 



50 



ss 



The control device of ctatm 1. wherein i 
ance measuring circuary includes: 

a first device tor deterrnfeing the ******* 



determtoing toe target impedance vatoe ae « 
hon d sard fnvwnum impedance value: end 

etfUw*tf*^»**or ^» P"' i ''e' n , ' ,l,r * #l ' 
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ance values to said target impedance value ana for 
generating a signal indicating whether said meas- 
ured impedance value exceeds said target imped- 
ance value. 

5 

3. A control device adapted to be coupled to an energy 
source for providing electrosurgicai energy to tissue 
to be treated, the control device composing 

a first input for receiving at toast one of a first 
signal representative of votage delivered from said "> 
energy source to said tissue and a second signal 
representative of current delivered from said energy 
source to said tissue: 

a second input tor receiving a third signal rep- 
resentative of a target impedance for said tissue on is 
the energy source, determined from the first and 
second signals; and 

a function fitting device for providing a fourth 
signal representative of desired energy output 
according to • system load curve, the fourth signal 70 
corresponding to desired energy output for the tar* 
get load impedance represented by the third signal; 

wherein said control device is adapted to: 

control energy output by the energy source 
based on the third signal representative of the load 
impedance; and 

control the energy source to bring electrosur- 
gicai energy delivered by the energy source to the 
target wtftfn a range of desired energy output based 
on said system load curve. *> 

4. The control device of claim 3 which includes a com- 
parison device for comparing said fourth signal, rep- 
resentative of desired energy output to at least one 

of said first and second signals, said comparison js 
device being adapted to provide a control signal tor 
controlling said energy source. 

Si " The control devct of claim 4, wherein said control 
- signal represents a difference between said fourth *o 

signals. 

6. A generator for providing etectrosurgical energy to 
an electrosurgicai device, said generator compris- <** 
ing: 

an electrosurgicai energy source lor providing 
electrosurgicai energy to sard electrosurgicai 
device; and 

a control device according to any one of claims so 
ttoS, 

wherein the control device is arranged to con* 
tro* the output of said energy source 

7. . An electrosurgicai device for treating issue during ss 
a surgical procedure, the electrosurgicai device 
comprising: 

eleetricaey isolated first and second elec- 



trodes adapted to contact tissue to be treated and 
to causa etecirosurgrcal energy to be conducted 
between said electrodes through said tissue; and 

a control device according to any one of claims 
1 to 5. 

wherein the control device is adapted to con- 
trol the output of said electrosurgicai energy 
between said electrodes. 

6. An electrosurgicai device tor treating tissue during 
an electrosurgicai procedure, the efactrosurcecal 
device compnajno; 

etectricaty isolated first and second elec- 
trode* adapted to contract tissue to be treated and 
to causa electrosurgicai energy to be conducted 
between said electrodes through said tissue; 

an electrosurgicai energy source for providing 
said electrosurgicai energy to said electrodes; and 

a control device according to any one of claims 
ItoS. 

wherein said control device is arranged to con- 
trol the output from said electrosurgicai energy 
source to said electrodes. 

9. the electrosurgicai device of claim 7 or 8. where** 
said first electrode is located on one of a first and a 
second e le ment and wherein said first and second 
elements are movable relative to each other for 
engaging tissue therebetween. 

to. The electrosurgicai device of ctaim 9. wherein said 
second electrode is located on the other one of eaid 
first and se c ond elements. 

11. The etectrosurgjcaJ device of claim 9. wherein: 

said first and second elements each com- 
prises an interfacing surface for engaging tissue to 
be electrosurgtcaey treated. 

said first and second electrodes each com- 
prises one or more electrode elements located on 
said interfacing surfaces; and 

said first and second electrode elements are 
offset from one another with respect to said interfac- 
ing surfaces. 
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